O steoporosis is a common condition among older adults. White postmenopausal women are perceived to be at greatest risk. This perception is based in part on the only nationally representative bone mineral density (BMD) data, collected by the third National Health and Nutrition Examination Survey (NHANES III) in 1988 to 1994. NHANES III measured BMD of the femur by dual x-ray absorptiometry and oversampled Mexican Americans and African Americans. 1 NHANES III found 17% of nonHispanic white women aged 50 and older were osteoporotic (i.e., BMD >2.5 standard deviations below the mean of young non-Hispanic white women), 8% of older AfricanAmerican women, and 12% of older Mexican-American women. Only 2% of older men were osteoporotic, using the same reference values. 2 The greater prevalence of osteoporosis among non-Hispanic white women may be useful in clinical decisions; for example, the guidelines for risk assessment from the National Osteoporosis Foundation list white race as a nonmodifiable risk factor to be considered in decisions about whether to measure BMD. 3 Asian Americans were not oversampled in NHANES III, and there are no representative national data to inform clinical perceptions of whether this is a low-risk group (like African Americans) or a high-risk group (like whites). Evidence from other data sources is inconsistent. The National Osteoporosis Risk Assessment (NORA) is an extremely large convenience sample (N = 200,160) of women aged 50 and older recruited through primary care physicians. One percent of the sample identified as Asian American (n = 1,912), without specific information about nativity or ethnicity (e.g., Vietnamese). 4 Part of the complexity of bone assessment is the multiplicity of technologies. NORA used 4 different types of peripheral densitometers: single energy x-ray absorptiometry at the heel, dual energy x-ray absorptiometry at the forearm and finger, and ultrasound at the heel. NORA found AsianAmerican women had the highest risk of low BMD of 5 race/ethnicity groups; the odds ratio of osteoporosis was 1.56 for Asian women compared to whites, after adjusting for many factors, including body mass index. 4 However, contrasting evidence comes from the manufacturer of the ultrasound heel densitometer used by NORA (Hologic, Bedford, MA) who carried out their own studies to determine reference values. They found Asian-American women had higher estimated BMD than white women. 5 Hologic only included U.S.-born Asian Americans in their sample. Thus, it is not clear whether Asian Americans are a high-or low-risk group, and whether the apparent heterogeneity is due to variation in nativity, ethnicity, or assessment technology (ultrasound vs x-ray). It is possible that elderly Asian immigrants, such as inner-city Chinatown populations, may be at particularly high risk for osteoporosis. 6 Many of these persons may barriers, a dearth of investigators, and a relative lack of prioritization by funders have contributed to this information void. Therefore, a collaborative team from the Chinese American Service League (CASL), a social service agency, and the University of Chicago interviewed Chinese immigrants aged 50 and older living in Chicago's Chinatown about their health and immigration history, and measured heel BMD using ultrasound. The goals of the collaborative project were: 1) to determine the prevalence of low BMD in this population; 2) to refer persons with low BMD for followup care; 3) to learn what factors were associated with BMD in this population; and 4) to discover how to facilitate community-based participatory research among elderly Chinese immigrants.
METHODS

Population
Chinatown is a compact ethnic enclave on Chicago's south side. It is a densely populated area with about 10,000 Chinese residents. Most residents come from south China. Tract-level analysis of the 1990 census found that 41% of Chinatown households included someone aged 65 or older, and 90% of the elderly were economically disadvantaged.
This project focused on recruiting participants from 4 elderly housing complexes in and near Chinatown.
Project Development
The CASL was founded in Chicago in 1978 and has grown to become the Midwest's largest social service agency for immigrant Chinese and other Asians, serving more than 14,000 clients. CASL employs over 180 staff and encompasses activities such as youth educational programming, employment training, computer literacy, citizenship tutoring, and elderly services. The Elderly Services Department provides casework management, immigration and naturalization assistance, Title V employment services, social and recreational activities, counseling, homemaking services, senior advocacy, and adult day care services.
This project was initiated by a member of CASL's Associate Board (VK), which includes young, professional volunteers. In addition to fundraising, the Board implements projects that require more time and effort than CASL's employees may have outside their duties. With previous experience at osteoporosis screenings during street fairs, she spoke with the manager of CASL's Elderly Services Division (S-LC) and the executive director about the possibility of assessing osteoporosis prevalence among their elderly clients. CASL's goals were to screen elderly clients for osteoporosis, to give them feedback about whether they should seek further medical treatment, to support clients in successfully seeking care by providing names of local physicians, and to determine whether osteoporosis was widespread, in order to better tailor future health outreach programs. Furthermore, CASL felt that data documenting a significant health problem would enhance grant submissions for new programs addressing the health needs of seniors.
The board member contacted an academic physician she knew through his support of CASL (MHC), who suggested working with a colleague with research experience in osteoporosis epidemiology and immigrant health issues (DSL). This group broadened the original goals to include research questions about the epidemiology of osteoporosis among Chinese Americans.
CASL brought several concerns to a research partnership with the university. They wanted to ensure that screening follow-up and education were central goals of the joint effort and that findings would be accessible to CASL clients and administrators. Several meetings held before undertaking significant work allowed the exchange of ideas underpinning both service and research aims and established the necessary level of trust.
Structure and Financial Issues
The research group obtained funding from 2 local sources, the Center on Aging at the University of Chicago and National Opinion Research Center (which is funded by the National Institute on Aging), and the Hartford Center for Geriatric Excellence, Section of Geriatrics (Department of Medicine), University of Chicago. The Associate Board member who had initiated the project agreed to be Project Manager.
CASL proposed hiring home health workers from its Community Care Program as interviewers. This is a large program, with 97 homemakers serving 261 clients. The homemakers are mostly women in their fifties who speak the same dialects as the elderly Chinatown residents (Cantonese and Toisanese). Importantly, the homemakers also are conversant with the personal beliefs and value structure of the elderly population, and that expertise would be crucial to the project. Interviewers were paid at rates similar to university research assistants, which is significantly more than home health workers' pay. The manager of the Elderly Services Department identified and recruited CASL homemakers she believed possessed the requisite skills; most had health care training in China.
To maximize participation and be respectful of elderly clients' time, the research group paid subjects $10 for their time, which averaged slightly more than 1 hour.
Questionnaire Development
The research group developed a questionnaire in English whose domains included demographics, immigration, health history, Western and Chinese medications, tobacco, diet (to identify Western vs Asian diets and calcium intake), current physical and social activity, employment, medical insurance, and social support.
After review by the manager of CASL's Elderly Services, this draft was translated into Chinese by a native speaker, and then independently back-translated by one person who had never seen the English draft and by the Project Manager. Translator, back-translators, and researchers met to resolve translation issues. The translations of some questions were revised, and some questions were completely changed (e.g., the education response categories) to better reflect the Chinese experience. The English version was revised to match the altered Chinese (``re-centered'').
To determine comprehensibility for the targeted population, the instrument was pilot tested by the Project Manager on the interviewers. Further modifications were made and back-translated. Interviewers practiced administering the questionnaire on each other. They also attended an informational session about osteoporosis.
Two standard survey instruments were used also. The Mini Mental State Examination (MMSE) was used to screen for cognitive function. We used a Chinese translation/ adaptation tested by the MMSE developers, MiniMental LLC. 17 The second survey instrument was drawn from the Medical Outcomes Study 36-item Short-Form Health Survey (SF-36). The Chinese version was translated and evaluated by the International Quality of Life Assessment Project. Both because of concern that our entire interview would place a burden on respondents, and because the validity of the subscales is not established for the Chinese American translation, 18, 19 we obtained permission to ask only selected questions from the SF-36. Functional limitations were assessed with a question drawn from the Chinese SF-36 about the level of restriction in performing activities such as moving a table, vacuuming the floor, or practicing Tai Chi. The protocol was approved by the University of Chicago Institutional Review Board, and written informed consent (in Chinese) was obtained.
Protocol and Recruitment
The project manager appointed 2 interviewers to be team leaders with direct responsibility for recruiting participants, scheduling and organizing screening/interview sessions, and managing equipment and forms. Team leaders and interviewers had worked together for years, facilitating group cohesion. Maximizing group autonomy ensured that the team developed a sense of ownership over the project, and became invested in maintaining high-quality execution. After each session, the team gathered to discuss any problems that occurred that day, and to plan improvements for the next session.
The protocol included the interview, height and weight measurement, ultrasound heel measurement, and a blood pressure reading.
Screening and interview sessions were held on weekends during summer 2001 at elderly housing buildings in Chinatown and at CASL's office. Because some people considered the screening unlucky, tempting disaster for their health by not leaving well enough alone, team leaders were reluctant to go door-to-door inviting participation. Instead, they convened community meetings to describe the screenings and posted flyers as reminders. Existing good will with building management smoothed the team's entry into buildings. Individual invitations were necessary, however, in the situation where building management was not Chinese and the population was of mixed ethnicity.
Recruitment was extraordinarily successful. The team's familiarity with the population helped generate positive word of mouth. People from the neighborhood who did not live in the elderly housing buildings also wanted the screening. Rejecting them would have risked damaging CASL's reputation for welcoming all who needed services. Therefore, community residents over age 50, but not resident in the target buildings, were included but not actively recruited.
Bone Densitometry
The Sahara Clinical Bone Sonometer (Hologic, Waltham, MA) was used to estimate BMD of the calcaneus. The Sahara measures the broadband ultrasound attenuation (BUA, in dB/MHz) and speed of sound (SOS, in m/sec) of an ultrasound beam passed through the heel. The BUA and SOS are combined to yield an index (quantitative ultrasound or``stiffness'' index), which is then used to estimate calcaneal BMD (in g/cm 2 ). However, because the ultrasound beam passes through the heel, ultrasound measurements may reflect aspects of bone quality or microarchitecture not measured by an x-ray±based densitometer. 20 The manufacturer's reference values for young white females were used to determine t scores. The t score is the number of standard deviations from the average bone density of young adults in their twenties, the age of peak bone density. We referred persons with a t score < À1.8 for follow-up care.
21
The Sahara is portable. The foot is placed in a positioning device, and gelled transducers automatically converge to make direct contact with both sides of the heel, measuring heel width. The ultrasound measurement takes less than 10 seconds. Because this is a noninvasive radiation-free procedure, there are essentially no risks. A single machine was used for the study and 1 member of the research team was assigned to take measurements. A phantom supplied by the manufacturer was used to calibrate the machine before each screening session. The manufacturer specifies the coefficient of variation for estimated BMD at 3%, and the absolute precision at 0.014 g/cm 2 .
Analysis
First, we used the BMD t score to determine the proportion osteopenic (t score À1.0) and osteoporotic (t score À2.5) for 10-year age groups. We compared the average BMD by age with previously collected reference data. For men, there are only reference values for white men. For women, there are reference values for white, U.S.-born Asian-American and southern Chinese women. 22 To examine predictors of BMD, we used ordinary least squares regression. Because of the strong and wellestablished relationships between BMD and age, and between BMD and sex, we did not carry out simple bivariate analyses of BMD with each potential predictor of BMD (such as education or current smoking). Instead of bivariate models, we examined each of the potential predictors in minimal multivariate models that included adjustment just for age and sex. These models also allowed the age effect to vary by sex (with interaction terms). We did not stratify by sex because the male sample was relatively small, and there were no significant interactions between sex and the predictor variables of interest in preliminary analyses. The BMD predictor variables we singly examined, adjusting only for age and sex, were body mass index (BMI) quartiles, education, age at immigration, self-rated health, functional limitations, help with daily tasks, insurance status, and lifestyle variables (current smoking, alcohol consumption, regular exercise, and dairy consumption), Because only 4 women reported current use of hormone replacement therapy, we did not include it among the lifestyle variables.
Then, we constructed a full multivariate model by including all moderately predictive (P < .1) variables (along with the age and sex adjustment). To present a parsimonious model, we then removed those variables that were not independently predictive at the same 0.1 significance level. Data were analyzed using Stata Statistical Software, Release 7.0 (Stata Corp., College Station, Tex).
RESULTS
Four hundred sixty-nine persons were screened, 329 women and 140 men (Table 1) . Participants included 63% of residents in the targeted buildings (n = 270) and community residents not from those buildings (n = 199). Age ranged from 50 to 98, with a mean of 71. Fifty-six percent had primary only or no education. Mean age at immigration was 54; only 5% were in the United States before the Immigration Act of 1965, which made immigration from Asian countries less restrictive. All interviews were conducted in Chinese. Fifty-seven percent of the population reported``fair'' or``poor'' health. Eighteen percent were uninsured; 55% received Medicaid.
Figures 1 (women) and 2 (men) present the percentages of participants who were osteopenic and osteoporotic using a 10-year age range. Percentage osteopenic or osteoporotic increased with age and included at least half of the population at ages 60 and older. Few men were osteoporotic, while 28% of the women aged 70 to 79 and 40% of the women aged 80 and older were osteoporotic. Osteopenic is defined as a t score <À1.0 and !À2.5, compared to young normal women, and osteoporotic is defined as a t score <À2.5.
Figures 3 (women) and 4 (men) compare the average BMD by age with previously collected reference data. The population of foreign-born Chinese-American women in this study have lower average BMD at every age than do U.S. white women; they also have lower BMD than U.S.-born Asian Americans. At ages 50 to 69, the average BMD is the same for the foreign-born Chinese women and the reference series from south China, while the foreign-born Chinese women in the United States have a lower average BMD than the south Chinese women at ages 70 and older. Foreign-born Chinese men have a BMD at ages 50 to 69 similar to that of whites, and a lower average BMD at ages 70 and older. Table 2 presents the minimal multivariate ordinary least squares regression models for potential correlates of BMD, adjusted for sex and age. Increasing BMI was strongly related to higher BMD. Poorer self-rated health, functional limitations, receipt of help with daily tasks, and lower educational attainment were all associated with lower BMD. Older age at immigration also was associated with a lower BMD. Insurance status was not associated with BMD, nor were 3 of the 4 lifestyle variables (smoking, exercise, and dairy consumption). However, alcohol consumption, reported by few participants, was strongly associated with higher BMD.
In the full multivariate model (Table 3) , the effect of age on BMD was much stronger for women than men. At the baseline age in this study (50), there was little difference in BMD for women and men, adjusted for the other factors. Higher BMI, higher educational attainment, younger age at immigration, no receipt of help with daily tasks, and alcohol consumption were all independently associated with higher BMD.
DISCUSSION
At ages 50 and older, women born in southern China and now resident in Chicago's Chinatown have low average calcaneal BMD, as assessed by ultrasound. Average BMD is lower than reference values for white women and U.S.-born Asian-American women. Foreignborn Chinese American men have lower BMD than white men at ages 70 and older. These data are consistent with findings from the NORA study, which reported that a heterogeneous group of Asian-American women had the lowest BMD of any racial/ethnic group, even after controlling for BMI. 4 The large difference between foreign-born Chinese-American women and U.S.-born Asian-American women, 5 together with our finding that older age at immigration is associated with lower BMD, strongly suggests that risk of osteoporosis varies by birthplace and age at immigration for Asian women in the United States, and may vary by ethnicity, because a high proportion of Osteopenic is defined as a t score <À1.0 and !À2.5, compared to young normal women, and osteoporotic is defined as a t score <À2.5. the reference series of U.S.-born Asian women were Japanese. Foreign-born Asian-American women, particularly those who immigrated recently, appear to be a highrisk group for osteoporosis. Interestingly, we found that average BMD at ages 50 to 69 was the same for women in southern China 22 and women from southern China in the United States. The Chinatown residents aged 70 and older, both men and women, appear to be an especially frail population. Several previous studies have suggested that Asians seem to have lower BMD than whites because they have smaller skeletons. 23±25 The concern is that dual x-ray absorptiometry inadequately adjusts bone mineral content for bone size, and thus could spuriously find that persons with smaller skeletons systematically have lower BMD than they really do. However, it is not apparent why skeletal size would confound ultrasound heel measurements in the same way, since the width of the heel is measured by the densitometer. Heel ultrasound identifies a lower percentage of persons as osteoporotic than does x-ray densitometry, and it has been suggested that a threshold of t score < À1.8 be used instead of < À2.5 for ultrasound to diagnose a similar proportion of the population as osteoporotic. 21 Using that threshold (which we did use for referrals), a much higher percentage of persons would be identified as osteoporotic, for example 28% of men 70 to 79 and 56% of women aged 70 to 79. 27, 28 There are limitations to our data. Our target population included residents of elderly housing buildings, and they may differ from other elderly Chinese immigrants, even within Chinatown. We have no denominator for the``walk-in'' participants who did not live in these buildings. Because participants had to leave their apartments to be screened, we may have under-represented the frailest. However, the familiarity of our interviewers with persons receiving homemaker services may have resulted in higher participation of persons in need of help with daily tasks. While Chinese Americans generally exceed the national average in educational attainment and income, 29 the Chinatown population is relatively indigent. Immigrants who choose to live in an ethnic enclave may differ in many ways from those who do not. Finally, we do not know the consequences of osteoporosis in this population, specifically the strength of the association between low BMD estimated by heel ultrasound and fractures. The research team has continued to work together in the evaluation and dissemination phases. We conducted door-to-door visits with participants advised to seek followup medical care for possible osteoporosis (or hypertension) to learn whether the advice was followed. For those who have not seen a provider, we asked the reasons. For participants who sought follow-up care, we asked whether there was further testing and what advice was given. We are designing educational presentations to be conducted by the interviewers at each building to discuss ways to prevent further bone loss and avoid falls.
All phases of this project have been collaborative between the community organization and the university. CASL collaborators proposed the screening, selected the target population, identified a team of professional and competent home care workers who were intimately familiar with the patients and study setting, created a mechanism to link clients with needed services, and provided legitimacy for the project within Chinatown. The communitybased participatory research (CBPR) approach greatly enhanced the feasibility, quality, and impact of this study. Elderly immigrant Chinese populations are vulnerable and hard-to-access populations that do not receive sufficient attention from researchers or policy makers. Language barriers and distrust of outsiders can be difficult to surmount. University researchers could not have carried out this project without the collaboration of CASL. Regarding quality, the CASL team and health care workers played crucial roles in ensuring that questionnaire wording would be appropriate, and their knowledge of the community and respect within it led to high study enrollment. At the same time, the methodological rigor and scientific background of the university team allowed the CASL project to progress beyond a screening project of only local interest to a study that supplies osteoporosis information useful to a broader audience. The dissemination of these findings identifying foreign-born Chinese-American women as being at high risk for osteoporosis could help these patients receive more appropriate, individualized care from clinicians and may help direct more resources to indigent Chinese-American populations.
The major challenge to performing this CBPR was establishing a relationship of trust and understanding. It took time to learn the goals, concerns, working styles, and needs of each party. While statements of good will and a common vision were made at the beginning of the project, there was no substitute for developing a set of shared experiences in which logistical and methodological challenges were worked out in ways that would benefit the Chinatown community. The importance of visits to each party's home turf and dim sum lunches in Chinatown for social bonding is not to be underestimated. The major facilitator of the project was a diverse team who together shared the ultimate vision of improving Asian-American health, and who individually possessed the community, analytical, clinical, management, and political skills necessary for the project to succeed. It also helped that 2 of the participants were bridge people, a community activist familiar with academia through her legal training, and an academician who had done volunteer work in the AsianAmerican community. However, we believe that regardless of prior experience in CBPR, any group of community representatives and academicians who share the mission of promoting health in the community and who appreciate the power of rigorous data analysis can develop successful projects over time.
In summary, foreign-born Chinese-American women appear to be a high-risk group for osteoporosis, with BMD values even lower than white women. Foreign-born Chinese American men in the study have BMD values similar to white men at ages 50 to 69, but lower BMD at older ages. For both men and women, the Chinatown population aged 70 and older appears to be especially frail and at high risk of osteoporosis. Low body mass index, low educational attainment, and older age at immigration are all associated with lower BMD in this population. The CBPR approach was essential to the success of this study. The familiarity of CASL with Chinatown and its elderly residents made this hard-toaccess population enthusiastic participants in the project. In turn, this project provided CASL with concrete data about the frailty and health problems of the elderly population which it serves.
